Abstract The objectives of this study were to describe MR imaging findings of immature teratoma and to correlate imaging findings with histopathologic findings. The MR findings of ten patients (age range 12-29 years, mean age 19.0 years) with pathologically proven immature teratoma were retrospectively reviewed for tumor size, presence and characteristics of fatty content, presence and characteristics of solid components, and presence of ascites and implants. The MR findings were compared with gross (n=3) and microscopic (n=10) findings. Comparisons between relative amounts of solid components and histologic grades were evaluated by Spearman rank-order correlation. On MR images all lesions appeared to be fat-containing tumors with solid components consisting of numerous cysts of various sizes. Solid tissue exhibited a wide variety of signal intensities on T2-weighted images. Punctate foci of fat were identified in all lesions, whereas fatty fluid was observed only in two. Predominant fluid content exhibited signal intensities similar to simple fluid in nine lesions. Ascites was observed in six lesions, and peritoneal dissemination in three. Pathologic studies confirmed scattered foci of adipose tissue in the solid portions of all cases, and revealed numerous cystic structure formations in these solid components. The correlation coefficient between the amount of solid tissue and the tumor grade was not significant (r s =0.266). The MR images of immature teratoma tended to show aqueous fluids and the solid components consisting of numerous cysts with punctate foci of adipose tissue, whereas predominant fluid is sebaceous fluid in the vast majority of mature cystic teratomas.
Introduction
Immature teratomas of the ovary are the third most common primitive germ cell tumor [1, 2] . They are composed of mature and immature tissues derived from the three germ cell layers [1, 2, 3, 4] . Identification of any immature tissue, irrespective of the amount, in mature tissue leads to a diagnosis of immature teratoma; thus, sufficient sampling of resected specimen is the most important method to accurately diagnose immature teratomas [3] . Since mature cystic teratomas are the most common ovarian tumors in younger patients, preoperative recognition of possibly immature lesions will be of help in determining both treatment options and tumor sampling.
The purposes of this study were to characterize the MR appearance of immature teratomas of the ovary and to correlate these findings with histopathologic findings in ten cases.
Materials and methods
Ten patients in whom MR imaging was performed between December 1992 and December 2000, and who were subsequently confirmed to have immature teratoma, were identified from two institutes (Kyoto University Hospital and Kyoto National Hospital) based on the computer databases of their Departments of Pathology and Radiology. Clinical records, MR images, surgical records, and pathologic reports and materials were available for all ten patients. The age of the patients ranged from 12 to 29 years (mean age 19.0 years).
The MR imaging was performed within the 2 weeks before surgery using a 1.5-T (n=7) or 0.5-T (n=3) superconductive magnet unit (Signa, General Electric Medical Systems, Milwaukee, Wis.). Sections were 5-7 mm thick and gaps were 1-3 mm. In all ten patients, sagittal T1-and T2-weighted images and sagittal contrastenhanced T1-weighted images were obtained. Conventional spinecho technique was used to obtain T1 and contrast-enhanced T1-weighted images (TR/TE=400-600 ms/9-25 ms). Post-contrast images for all cases were obtained immediately after manual administration of 10 ml of paramagnetic contrast medium (gadopentetate dimeglumine, Magnevist, Schering, Berlin, Germany). T2-weighted images were obtained with conventional spin-echo (n=3) and fast spin-echo (n=7) techniques (TR/TE=2000 ms/70 ms, and TR/TE=3000-6000 ms/85.7-130 ms, respectively). In four patients, sagittal T1-weighted images with fat suppression were obtained (TR/TE=400-600 ms/9-25 ms; cases 1, 6, 7, 8) . In two patients (cases 8 and 10), contrast-enhanced sagittal T1-weighted images with fat suppression were obtained (TR/TE=400 ms/25 ms). In another patient (case 9), a contrast-enhanced coronal T1-weighted image with fat suppression was obtained (TR/TE=400 ms/25 ms).
The MR images were retrospectively consensually interpreted by three radiologists (T.Y., K.T., and T.K) with knowledge only of the pathologic diagnosis of immature teratoma. The radiologists examined the images for the following characteristics: The presence of fatty content was diagnosed by fat suppression images in six lesions. In cases without fat-suppressed images, fatty component was specified when the tissue on both T1-and T2-weighted images exhibited the same signal intensity to that of fat, and was associated with chemical shift artifacts [5] .
Each tumor was graded in terms of their immature neuroepithelium content by commonly accepted grading system [6, 7] . The grading was as follows:
Grade 1: tumors with some immaturity, but rare foci of immature neuroepithelium occupying less than one low-power microscopic fields (×40, LPFs) in any slide Grade 2: immaturity and immature neuroepithelium were present to a greater degree than grade 1, immature neuroepithelium occupying one to three LPFs in any slide Grade 3: immaturity and immature neuroepithelium were prominent, immature neuroepithelium occupying more than three LPFs in any slide The relative volumes of solid components to that of the whole tumor were classified into three groups: predominantly solid; predominantly cystic; and mixed cystic and solid which could not be determined as predominantly cystic or solid. Spearman rank-order correlation was used to evaluate the relation between the relative volume of solid components and the histologic gradings. Radiologic findings were correlated with pathologic findings, and clinical records were briefly reviewed.
Results
Results of MR findings, clinical presentations, and histopathologic findings are summarized in Table 1 .
On MR imaging, the maximum diameter of the tumors ranged from 10 to 21.5 cm (mean 15.5 cm). All ten . a Sagittal T1-weighted image (TR/TE: 600 ms/9 ms) reveals a mass of low intensity with punctate foci of high signal intensity (arrowheads). b Sagittal T1-weighted image with fat suppression (TR/TE: 500 ms/9 ms) shows that the high-intensity foci observed on the T1-weighted image are adipose tissue. c Sagittal T2-weighted image (TR/TE: 6000 ms/126 ms) shows solid component of intermediate signal intensity, in which cysts of varying size are embedded (arrowheads). d Contrast-enhanced sagittal T1-weighted image (TR/TE: 600 ms/9 ms) shows well-enhanced solid component, which contains numerous microcysts. e Photomicrograph (hematoxylin and eosin, ×40) shows abundant mesenchymal tissue consisting mainly of smooth muscle cells lesions had smooth surfaces. Five lesions were predominantly cystic (Fig. 1) , one was mixed solid and cystic (Fig. 2) , and four were predominantly solid (Fig. 3) . Cystic spaces exhibited signal intensities of simple fluid in eight lesions, the signal intensity of sebaceous fluid in one lesion, and the signal intensity of both simple fluid and sebaceous fluid in one lesion. In all tumors, the signal intensity of the solid component was of a low intensity similar to that of uterus on T1-weighted images. On T2-weighted images, solid tissue in all tumors exhibited a heterogeneously high intensity similar to or slightly higher than that of myometrium (Figs. 1, 2, 3 ). On contrast-enhanced images, numerous microcystic structures were identified within the solid components in all tu- One patient showed a fulminant clinical course (case 3). Tumor recurrence was noticed in two patients. One of the patients (case 5) had been initially diagnosed as having a solid mature teratoma [8] but developed metastases 2 years later. Resampling of the material showed a grade-1 immature teratoma. In another case (case 8), a recurrent immature teratoma was found in the residual contralateral ovary 2 years after the first salpingo-oophorectomy. The other seven patients have been well after surgery with no signs of metastasis or recurrence.
On gross examination, all ten lesions had smooth surfaces, with no capsular disruption being identified, even in the three tumors with massive peritoneal implants and ascites. The solid components seen in all tumors contained numerous cysts (Fig. 2) . Eight tumors lacked sebaceous fluid, but foci of adipose tissue were scattered throughout the solid tissue in all tumors. Two tumors contained obvious sebaceous fluid. Small foci of hemorrhage were identified in one, but no necrosis was found in any of the tumors.
Microscopic studies revealed variable amounts of immature mesenchymal and epithelial components in all cases, and primitive neuroepithelial tissue forming rosettes in eight tumors. Lesions were graded according to the amounts of primitive neuroectodermal tissue as grade 1 (n=4), grade 2 (n=4), or grade 3 (n=2). All lesions exhibited numerous cystic structures and adipose tissue resembling subcutaneous fat throughout the solid components. These microcysts were lined predominantly by respiratory epithelial cells (Fig. 2) . These cystic structures were prominent in all ten tumors, which had solid components of heterogeneous high signal intensity on 317 mors. Fatty contents were observed in all tumors but were scanty (<5% of volume). In two lesions, fatty content presented as a form of fluid at the periphery of the mass and resembled the appearance of sebaceous fluid seen in dermoid cysts (Fig. 3) . In these two cases, fatty contents were also identified in the solid portion as small punctate foci. In the remaining eight tumors, fatty contents were scattered throughout the solid component as small punctate foci of less than 1 cm in diameter (Figs. 1, 2) . No intra-tumoral hemorrhage or necrosis was observed in any of the tumors. In three patients, massive ascites and peritoneal dissemination were found despite the smooth outer configuration of the tumor (Fig. 2) .
Tumor stages according to the system of the International Federation of Gynecology and Obstetrics were Ia (n=7), IIIa (n=2), and IIIb (n=1).
Preoperative examination of alpha-fetoprotein was available in seven patients. Serum levels of alpha-fetoprotein were slightly elevated (range 28-468 ng/ml, mean 397, normal 10 ng/ml or less) in six patients, and was within normal limits (4.6 ng/ml) in one. Serum levels of alpha-fetoprotein decreased after the complete re-T2-weighted images (Fig. 2) . Abundant mesenchymal components with prominent fibrosis were observed in one tumor (case 1) that exhibited intermediate signal intensity on T2-weighted images (Fig. 1 ). Spearman's rank-order correlation coefficient between histological grading and the relative volume of solid components was 0.266, but there was no significant correlation.
Discussion
Immature teratomas are composed of various amounts of immature or embryonic elements [1, 2, 3] . Reported CT and MR findings of immature teratomas are of huge heterogeneous masses with partially solid components, scattered calcifications, and small foci of fat [9, 10] . Findings observed in our series accorded with these findings, with the addition of microcystic appearances of solid components. Pathologic examinations revealed numerous cystic structures lined by upper-airway epithelial cells. The presence of these epithelial tissues of a respiratory type may explain why these immature teratomas are usually filled with nonspecific fluid rather than sebaceous fluid, as in dermoid cysts. The vast majority of our tumors were filled with fluid content similar to simple fluid. Fatty tissue typically presented as punctate foci of subcutaneous fat scattered throughout the solid tissue, rather than as a form of sebaceous fluid.
The immature tissues were usually of neuroectodermal origin, taking the form of primitive neuroepithelial rosettes and tubules [1, 3, 4] . Sufficient sampling of resected specimen is mandatory to establish a correct diagnosis for problematic lesions. In our series, all the lesions had solid tissue consisting of microcystic appearances. Tumors were predominantly solid in approximately half of the cases, and identification of solid tissue consisting of numerous cysts may be helpful to distinguish benign from malignant teratoma before surgery. Although it is common to see a protuberance consisting of a diversity of tissues in mature cystic teratoma, it usually takes the form of a small protuberance, a so-called Rokitansky protuberance or dermoid nipple [3] . These nodules are usually small and do not consist of numerous cysts.
The grading of immature teratomas almost always relate to the amount of primitive neuroectodermal tissue [3, 4] . Prognosis and treatment options of the disease depend on the stage and grade of the tumor, and may be related with the chromosomal abnormalities of the tumor [11] . At present, there is no way to predict tumor grading before surgery, and our study also showed there was no statistical relationship between the amount of solid tissue on imaging findings and the grade of the tumor.
The presence of fatty content is an important clue for a diagnosis of teratoma; however, only scanty fatty tissue, taking the form of subcutaneous fatty tissue, was identified in the vast majority of tumors in our series. Gradient-echo MR imaging may be helpful to identify scanty fatty tissue, distinguishing it from blood and necrotic tissue [12] . Gradient-echo chemical shift imaging is based on the difference in resonance frequency between water and fat. The decrease in signal intensity on out-of-phase images shows the presence of the same amount of water and fat in the voxel [13] . On the contrary, identification of grossly evident dermoid cysts does not help to exclude the possibility of immature teratoma. Grossly evident dermoid cysts can be identified in approximately 24% of immature teratomas [3] , and was found in one of the ten tumors in our series.
Apart from imaging findings, elevations of serum levels of alpha-fetoprotein can be helpful in the diagnosis of immature teratoma, and has been noted in 33-65% of patients with immature teratoma [1, 3, 14] . In one large series, an elevation of serum levels of alpha-fetoprotein was common in yolk sac tumors and immature teratomas, but was not observed in mature teratomas [3, 15] . The levels associated with immature teratomas are usually not as high as those encountered in patients with yolk sac tumors [3] . In our series, serum levels of alpha-fetoprotein were higher than the normal upper limit in six of seven patients in whom serum levels were measured. The serum level of alpha-fetoprotein was a good indicator to predict the presence of a recurrent or persistent tumor.
Treatment options are dependent on histological grade and clinical stage. The initial treatment should include salpingo-oophorectomy and removal of as much extraovarian tumor as is possible. Adjuvant chemotherapy is not necessary for patients with stage 1A, grade-1 tumors or those with mature glial implants. For other patients with grade-1 tumors, a consensus treatment is not available because the number of cases is too small. Combination chemotherapy is recommended for patients with grade-2 or grade-3 tumors or those with immature metastases [3] . Combination chemotherapy regimen is either 1. VAC (vincristine, actinomycin D, and cyclophosphamide) 2. VBP (vinblastine, bleomycin, and cisplatin) 3. BEP (cisplatin, etoposide, and bleomycin) Combination chemotherapy is very effective, and disease-free survival rate during an average follow-up of 3 years is more than 95% [3, 4, 16] .
In conclusion, immature teratomas presented as masses that were associated with scanty fat and large solid components consisting of numerous cysts. Fatty tissue typically presented as a form of small adipose tissue rather than as sebaceous fluid. The signal intensity of the fluid content was similar to that of simple fluid.
